To evaluate whether clinical and laboratory features of a hepatitis B surface antigen (HBsAg) carrier can predict risks of infection, its chronicity, and the development of liver disease among close contacts, the authors studied a cohort of 994 first degree relatives or cohabitants (household contacts) of 226 non-drug-addicted chronic HBsAg carriers (index cases), of whom 77% had liver disease and 26% were superinfected by hepatitis D virus (HDV). A logistic form of regression analysis was used to assess the role of each feature in the index case as predictor of hepatitis B virus (HBV)-and HDV-related outcomes among household contacts. Six models of risk, expressed as odds ratios, were assessed by multivariate step-down analysis, with the following results. 1) Infection with HBV in the household contact was independently predicted by the index case being son, sibling, spouse, female, or HBV-DNA positive. 2) Chronic HBsAg carriage in the adult household contact was associated with female sex of the index case and with being a sibling; among young subjects, household contacts were more likely to be chronic HBsAg carriers when the index case was the mother, a sibling, or an HBV-DNA-positive subject. 3) HBV-DNA positivity in the young contact was more likely when the index case was HBV-DNA positive and when she was the mother. 4) HBV-DNA positivity in the absence of hepatitis B e antigen (HBeAg) in serum in the index case was not related to a similar pattern of infection in HBsAg-positive contacts. 5) Superinfection with HDV of an HBsAg-positive household contact was significantly predicted by female sex of the index case and by anti-HDV positivity. 6) Chronic liver disease in a contact was predicted only by HDV superinfection of the index case. We conclude that horizontal, nonparenteral transmission of HBV among siblings plays a major role in the household of HBsAg carriers from an intermediate endemicity area. Am J Epidemiol
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In high endemicity areas, universal vaccination of all neonates without preliminary HBV screening is the strategy of choice, since early infection through intrafamilial spreading appears to be overwhelming (7) . In some areas where HBV endemicity is intermediate (southern Europe and central and southern Africa), acquisition of infection during early childhood, as in highincidence areas, is believed to be paramount. Data on the role of intrafamilial spread are available from Italian studies (8) (9) (10) (11) (12) . These studies, however, do not differentiate among the relative roles played by mother-child transmission, sexual transmission among spouses, or horizontal transmission. The hepatitis B e antigen (HBeAg)-antibody to hepatitis B e antigen (anti-HBe) system and the DNA polymerase activity have been thoroughly evaluated as markers of the infection risk posed by a chronic HBV carrier to his or her environment (13) (14) (15) . Direct detection of viral nucleic acids in serum (HBV-DNA, HDV-RNA) might detect infectivity of carriers of HBV or of HBVhepatitis D virus (HDV) more effectively than conventional testing for viral antigens and antibodies. The use of HBV-DNA as a "risk indicator," identifying high-risk carriers even in the absence of HBeAg, has been reported in some population studies (16, 17) .
A mutant of hepatitis B, not synthesizing detectable amounts of HBeAg because of a deletion in the pre-core coding region, was recently identified (18, 19) . In Mediterranean countries, hepatitis B surface antigen (HBsAg)-positive, HBeAg-negative subjects with chronic active liver disease and without HDV superinfection often have HBV-DNA in serum and hepatitis B core antigen (HBeAg) in the liver (20, 21) . These are most probably cases of infection with the mutant strain of HBV. In such patients, serum HBV-DNA is the only noninvasive marker of infectivity. It is currently unknown whether the HBeAg-defective mutant spreads as such from an infected subject to a nonimmune subject. Alternatively, during chronic infection with the HBeAgproducing HBV strain, the mutation might repeatedly occur at a hypervariable site of the genome (22) . Family studies may provide a clue to the type of transmission.
In the Mediterranean basin, chronic HBV infection is frequently aggravated by superinfection with the HDV, an incomplete agent necessitating "helper" function of HBV for its replication and pathogenicity (23, 24) . Since HDV infection can only thrive upon a background of close vicinity of chronically HBV-infected subjects potentially susceptible to person-to-person HDV transmission, clusters of chronic HBsAg carriers within the same family are an ideal background for HDV spread. Bonino et al. (25) have already observed intrafamilial clustering of cases of HDV infection.
Aiming to evaluate the dynamics of HBV and HDV spread in the households of HBsAg carriers, we assessed the risks of infection and its chronicity among a large group of contacts and analyzed both the serologic indicators of viral replication and the degree of familiar relationship with respect to the contacts of the index cases as predictors of HBV-and HDV-related outcomes among relatives.
MATERIALS AND METHODS

Index cases and household contacts
A total of 226 chronic HBsAg carriers, consecutively evaluated at our Liver Unit between 1984 and 1985, served as index cases for their household. In families with more than one HBsAg carrier, the index case was considered to be the family member with the longest known history of HBsAg positivity or of liver disease. All index cases had been HBsAg positive on two or more occasions for at least 6 months. Diagnosis was biopsy proven in 104 patients, while in the others (mostly healthy carriers or subjects with advanced liver disease) it was made on clinical, ultrasonographic, and laboratory data. Parenteral drug addicts were excluded from the study.
A total of 994 household contacts were screened for HBV infection by HBsAg, antibody to hepatitis B core antigen (anti-HBc), and antibody to hepatitis B surface antigen (anti-HBs). They represented about 95 percent of all first degree relatives or cohabitants of the index cases. Subjects testing positive for HBsAg received a complete clinical, ultrasonographic, and serologic assessment. Information about drug addiction, sexual preferences, and other sources of parenteral exposure was collected in these cases. When appropriate, a liver biopsy was also suggested. The mean family size, including the index case, was 5.4 ± 2.8 persons (standard deviation) (range, 2-18 persons). More than 95 percent of the household contacts and all index cases were born and lived permanently in Sicily (southern Italy). Families under study mostly belonged to a middle-to-low sociodemographic class.
Serology
HBsAg, anti-HBc (total), anti-HBs, HBeAg, anti-HBe, and antibody to hepatitis D antigen (anti-HDV) (total) were assayed in serum by enzyme immunoassay (Abbott Laboratories, North Chicago, Illinois). Serum HBV-DNA and HDV-RNA were tested by dot-blot hybridization techniques (26) (27) (28) , using as probes a 
Data analysis
Demographic and serologic features of the index case and the household contacts together with their degree of familial relationship were used to generate a computer data base and processed by TABSUR and AMS packages (29) on an IBM 370 mainframe (Centro Universitario di Calcolo, University of Palermo, Palermo, Italy). Univariate and multivariate regression logistic analysis was used to identify those features of the index case that could be useful in predicting an outcome among household contacts, after adjusting for the effect of covariates (30) .
Three separate analyses (models) were planned in order to predict the following HBV-related binary outcomes among the contacts: model 1, positivity for any HBV marker (HBsAg and/or anti-HBs and/or anti-HBc); model 2, chronic HBsAg carriage; and model 3, complete HBV replication (HBV-DNA positivity).
A subgroup analysis among HBsAgpositive contacts was also planned in order to predict the following: model 4, HDV superinfection; model 5, presence of chronic liver disease; and model 6, diffusion of the HBeAg-defective HBV variant.
Fifteen candidate features of the index case (sex; age; presence of chronic liver disease; HBeAg; anti-HBe; HBV-DNA; HDV-RNA; anti-HDV; type of relationship to the contact, i.e., being his or her father, mother, son, sibling, spouse, other consanguineous, other cohabitant) were analyzed by logistic regression as follows:
Under the model, the probability of the outcome among household contacts is expressed as a function of k features X\n, Xln ... Xkn for the «th index case (A: = 15).
Significant variables at univariate analysis were selected to generate a reduced model by multivariate step-down evaluation. The latter was not performed when there were fewer than five times as many events under study as there were candidate predictor variables (31) . For the k feature, the regression coefficient 13k quantifies the partial effect of the feature given all the other covariables in the model. This effect was expressed as exp(/?/), i.e., the odds ratio of the outcome among contacts given that feature of the index case, and the 95 percent confidence interval was computed (32) .
Statistical significance was tested by means of the maximum likelihood ratio approach, and two-tailed values were reported.
RESULTS
Among the 226 HBsAg-positive index cases, 162 (72 percent) were males and 64 (28 percent) were females, with a mean age of 36 ± 13 (standard deviation) years (range, 6-67). Twenty-four subjects (10 percent) were <20 years old. Only three male patients admitted homosexual activity. Among 189 subjects with a stable sexual partner, 15 reported one or more other heterosexual partners during the previous 5 years. Fifty-one index cases (23 percent) were healthy carriers; 76 (33 percent) had chronic hepatitis, 42 without and 34 with cirrhosis; 99 (44 percent) had inactive cirrhosis, in four cases with superimposed hepatocellular carcinoma. Forty-three (19 percent) of 226 subjects were HBeAg positive. Serum HBV-DNA was found in 70 subjects (31 percent) . Concordance between the presence of HBeAg and of HBV-DNA was high, only two among the 43 HBeAg-positive subjects being HBV-DNA negative. Negativity for HBeAg did not predict absence of HBV replication, as 29 of the 183 HBeAg-negative subjects were HBV-DNA positive. All of these 29 subjects had some form of chronic liver disease, none being a healthy carrier. HDV infection was rather common, as shown by a 26 percent positivity rate for anti-HDV (59 of 226 subjects). HDV-RNA, present only in anti-HDV-positive cases, was a less sensitive marker of HDV infection, being found in 39 of 226 subjects (17 percent) . No significant differences in the distribution of any of the above markers were observed between male and female index cases. Among the 994 household contacts, 451 (45.4 percent) were males and 543 (54.6 percent) were females, with a mean age of 25 ± 17 (standard deviation) years (range, 1-73). A total of 474 subjects (47.7 percent) were less than 20 years old. Including 13 with anti-HBs alone, 482 subjects (48.5 percent) were positive for one or more HBV markers (HBsAg and/or anti-HBc and/or anti-HBs), and 106 subjects (11 percent) were HBsAg carriers. Clinical and laboratory features in these patients are displayed in table 1 according to the serologic pattern. Positivity for anti-HBc alone was quite infrequent (56 cases), while even rarer was that for anti-HBs alone (13 cases). A history of drug addiction and/or male homosexuality was present in 22 household relatives. Three of them were HBsAg positive (one was anti-HDV positive), and another 16 had markers of previous HBV infection. A total of 106 subjects (24 ± 15 (standard deviation) years) among the household contacts were HBsAg positive. Forty-seven of these subjects were less than 20 years old. All were still HBsAg positive when retested after 6 months. Among them, 53 subjects (50 percent) had chronic liver disease (biopsy proven in 24 cases). As for the index cases, positive concordance between HBeAg and HBV-DNA was high, 30 of 31 HBeAg-positive individuals being also HBV-DNA positive. Among the 75 HBsAg-positive, HBeAg-negative household contacts, seven were HBV-DNA positive. All of the latter had chronic liver disease. Two of these subjects were children of an HBeAg-negative, HBV-DNA-positive individual, while the other five did not have HBeAg-negative, HBV-DNA-positive relatives. Anti-HDV was present in 25 cases and HDV-RNA in 17 cases. No sexual difference was observed in the prevalence of any of the above markers. After step-down selection of significant features at univariate regression analysis, the six models of risk, expressed as odds ratios (ORs), turned out as follows. with being a sibling of a carrier (OR = 6.1) (table 3) . of an HBsAg-positive household contact (table 5) .
Model 5. Anti-HDV positivity of the index case only was independently related to the presence of chronic liver disease in the HBsAg-positive contact (OR = 2.5) (table 6) .
Model 6. HBV-DNA positivity with a negative HBeAg or other features in the index case did not significantly predict a risk of being HBV-DNA positive, HBeAg negative among the HBsAg-positive household contacts.
Aiming to assess any possible age-specific transmission pattern, we always tested age of the index case as a candidate predictor for each of the HBV-related binary outcomes among the contacts (see models 1, 2, and 3). 1.04-6 * HBsAg, hepatitis B surface antigen; CLD, chronic liver disease; SE, standard error; OR, odds ratio; 95% Cl, 95% confidence interval; anti-HDV, antibody to hepatitis D antigen.
t Model x 2 : 20 with 2 df, p < 0.00001; from two significant variables on univanate analysis: anti-HDV and hepatitis D virus-RNA.
Age was never found to be significant at multivariate analysis. However, a trend pointing toward an increased likelihood of HBV outcomes among contacts, with decreasing age of the index case, prompted us to perform some exploratory analyses confined to the 474 contacts aged <20 years or to the 520 adult contacts alone. Positivity of at least one HBV marker or the chronic HBsAg carrier state, in both young and adult household contacts, was mainly related to the index case being a sibling (in adults OR = 3.5 and 9.1, respectively; in children OR = 3.9 and 4.4, respectively). In young contacts, moreover, a role of the index mother in transmission was already evident (OR = 3.5 for positivity for at least one HBV marker, OR = 4.6 for chronic HBsAg carriage), together with that of serum HBV-DNA positivity (OR = 2.5 for positivity for at least one HBV marker, OR = 3.8 for chronic HBsAg carriage). This was also shown by the fact that the same features of the index case were predictive of complete HBV replication among the 474 young contacts (OR = 6.4 for HBV-DNA, OR = 3.8 for the mother). Only 8 of 37 HBV-DNApositive contacts were older than 20 years; therefore, no predictors of complete HBV replication were found in the analysis performed on adult contacts.
DISCUSSION
Transmission of HBV within the households of carriers is paramount in maintaining circulation of the virus in areas of intermediate or high endemicity. A high prevalence of serologic markers of HBV infection has been documented in Italy (10, (33) (34) (35) . Clusters of HBsAg carriers occur within households (2) (3) (4) (5) . The prevalence of HBV markers is usually high in families with one or more HBsAg-positive members, being about 50 percent in Italian studies (8) (9) (10) (11) (12) . No information can be obtained from these studies regarding the weight of different ways of transmission within the family, namely, mother-child transmission, sexual transmission between partners, and horizontal sibling-sibling infection. Indirect evidence suggests that chronic carriers of HBV might be the usual source of virus for horizontal transmission (probably via saliva or open wounds), while transmission of virus from patients with acute hepatitis B to other persons living in the same household is largely limited to sexual partners (4, 6) . The relation, if any, between the degree of relationship of the HBsAg-positive index case and the contact's response to HBV infection is unknown. The analysis of this relation can highlight the relative role of different ways of transmission.
Our results suggest a major role for horizontal, nonparenteral spread of HBV among siblings. In fact, both the positivity of at least one HBV marker and the chronic HBsAg carriage among household contacts were predicted by the index case being a sibling. This conclusion holds also when we split and reanalyze data from the young alone or adults alone. Transmission between sexual partners seems to occur to a lesser extent, since only positivity for at least one HBV marker, but not chronic HBsAg carriage, can be predicted by the index case being a spouse. In a sexually highly active and promiscuous population (Peruvian prostitutes), HBV transmission through sexual contact has been shown recently not to create a significant number of chronic HBsAg carriers (36) . This can account for the low prevalence of HBsAg-positive cases (only seven) among sexual contacts, almost all of the latter being anti-HBc and/or anti-HBs positive.
Furthermore, the significance of complete replication of HBV in and/or of the mother in predicting active HBV infection in the offspring points toward a possible vertical or early horizontal mother-to-child transmission. Serum HBV-DNA turned out to be a better indicator of infection risk than did HBeAg, thus offsetting it in the multivariate analysis. The results refer mainly to contacts less than 20 years of age, representing 78 percent of HBV-DNA-positive identified contacts, since among adult contacts only eight were HBV-DNA positive.
Our data do not suggest an intrafamilial spread of the HBeAg-defective HBV mutant. As a matter of fact, no evidence of clustering of HBeAg-negative, HBV-DNApositive subjects within the same family was found. Therefore, we suggest that person-toperson direct infection with the HBV mutant is unlikely to occur, at least in the household context. A likely explanation for the widespread presence of the mutant strain is that the HBV variant might arise during long-term chronic infection in each case at a constant site in the genome. The mutant strain then might override the wild-type virus, since it has a selective advantage in the lack of HBeAg, the most effective target for immune clearance of HBV.
The spread of HDV is in our population highly related to the proximity of the chronically HBV/HDV-infected individual able to transmit both viruses to susceptible hosts. Although deriving from a subgroup analysis, the strong relation between the anti-HDVpositive index case and the anti-HDVpositive contact, as expressed by an odds ratio of 71, must be emphasized. HDV-RNA was not better than anti-HDV in predicting intrafamilial spread of the virus. This is probably due to a suboptimal sensitivity of the assay, which can be improved by using an HDV riboprobe (28) or by immunoblot testing for hepatitis D antigen (HDAg) in serum (37) .
Because of the study design, no information regarding the presence of liver disease in HBsAg-negative contacts is available, since we aimed at individuating liver disease only in HBsAg-positive individuals. In this context, the only significant predictor of liver disease among HBsAg-positive contacts was the evidence of HDV superinfection in the index case. This confirms the known role of HDV in favoring disease worsening in chronic HBsAg carriers (23) .
The performance of multivariate predictions must be evaluated in a set of similar patients before results can be applied in a clinical context (38). Nevertheless, our results logically indicate that, in the household of HBsAg carriers from intermediate endemicity areas, all of the known sources of transmission are operating, but horizontal spread among siblings is largely prevalent, as in other settings (2) . In our population, HBV infection in the households of chronic HBsAg carriers probably occurs at an early age, from either mother-to-child transmission or sib-to-sib transmission. Although the prevalence of HBV infection is probably already undergoing a significant reduction in our area (39) , a large burden of infection and disease could be avoided in future years by large-scale immunization. A program of compulsory HBV immunization for all neonates at 3 months of age, together with vaccination at the birth of infants from HBsAgpositive mothers, will begin during the next few months in Italy (40), with the long-term aim of eradicating HBV infection from the population. In our opinion, similar schedules should be adopted in other countries with a comparable pattern of HBV spread.
